randomized clinical trials. Compliance with the CONSORT statement and transparency in result reporting is strongly recommended to improve the quality of randomized trials in the field of surgery.
Introduction
Randomized clinical trials (RCTs) are the gold standard in evidence-based medicine. To maintain the high quality, there are several guidelines that must be followed [1] . The field of surgery undergoes rapid introduction and renewal of surgical techniques and instruments. Thus, it is important that the efficacy and safety of these techniques and instruments are properly evaluated. Acute appendicitis is a common indication of abdominal surgery with a life-time incidence between 7 and 9% [2] . In the early 1980s, Semm [3] introduced a laparoscopic technique for appendectomy and since then, this approach has gained popularity at the expense of open appendectomy. The possible benefits of laparoscopic appendectomy over open appendectomy have been studied in numerous RCTs.
We used this area of research as a model to review the quality of RCTs in the field of surgery and to discuss how the study design should be improved to ensure the high standard of randomized controlled trials. 
Sources of Data

Identification of Relevant Papers
On the 25th of September 2008, 110 citations were available, 49 of which were RCTs comparing open and laparoscopic appendectomy. Of these, 7 were omitted (3 were not accessible through the internet network of the university library of Karolinska Institutet and no contact information was available to contact the first authors in order to receive reprints of the papers [4] [5] [6] ; four other studies used the material of an already published RCT [7] [8] [9] [10] ). As a result, 42 papers remained for inclusion in this study.
Data Extraction
Trial characteristics and factors related to the trial quality, namely randomization procedure (method of random number generation, blocking, concealment, blinding), sample size calculation and intention-to-treat (ITT) analysis, were extracted. Jadad score [53] was used to evaluate the overall quality of the included papers.
Results
Baseline Characteristics
Baseline characteristics of the included trials are shown in table 1 . Almost half of the studies were conducted after the year 2000 (n = 19, 45%). Europe was the most frequent study setting (n = 23, 55%). The median sample size was 90 . Four studies included only males [11, 12, 18, 44] , four included premenopausal women only [19, 21, 26, 39] and five included exclusively children [17, 22, 24, 25, 43] . No trial reported registration of the trial protocol.
Randomization Procedure
Different parameters related to the quality of the trials are summarized in table 2 . The method of random number generation was clearly described in 15 (36%) of the RCTs. Of these, 7 (46%) used computer-generated randomization, 4 (26%) random number tables, 1 (7%) 'a master list with 10 repeating random numbers sequence', 1 (7%) coin toss, 1 (7%) admission code and 1 (7%) instrumental availability as the method of random number generation. The remaining 27 (64%) did not mention the method of random number generation.
Six (14%) studies used blocking, all of which stated the size of the block (ranging from 4 to 52). In one study the size of the block alternated between 4 and 12. The study with a block size of 52 used one single block only. One (2%) study reported the use of stratified randomization based on age and gender in combination with blocking. Although not specifying the type of randomization, the remaining 36 (86%) most likely used simple randomization. The median difference between the sample size in the intervention and control group was 6% (0-167%). The study with a sample size difference of 167% had a predefined almost 2: 1 randomization ratio. Five other studies only presented the number of participants in each group after post-entry exclusion of individuals from the study. However, the median difference in sample size did not change substantially when excluding these six trials (5% (0-47%)). The difference between the size of the intervention and control group in studies using blocking was 4% (0-13%). For studies with simple randomization excluding the trial with the 2: 1 ratio, this figure was 8% (0-47%).
In 18 (43%) trials, there was no information about the presence of measures to conceal the allocation before randomization. Twenty studies (48%) provided this information. One (5%) study used central randomization, another (5%) used sealed, opaque, numbered envelopes, 2 (10%) had sealed, opaque envelopes without information about numbering of the envelopes, 12 (60%) reported sealed envelopes, 1 (5%) opaque envelopes, 2 (10%) stated 'envelopes' only and finally, 1 (5%) study used 'sealed assignment cards'. The remaining four (9%) trials did not have any allocation concealment (the allocation was based on coin toss, availability of the instruments for laparoscopic appendectomy, admission codes of the patients and which surgeon attending the call).
Seven (17%) RCTs reported blinding. Three used a wound dressing that covered the whole abdomen, 3 used wound dressings to resemble the incisional wounds after laparoscopic and open appendectomy, and 1 study reported the use of identical wound dressings, but did not specify if these were covering the entire abdomen or resembled the incisional wounds. The 3 first studies claimed to be double-blinded.
Statistical Analysis
Sample size calculation was performed in 9 (21%) studies and in all of them, the estimated number of participants was reached. The analyses were performed ac- cording to ITT in 21 (50%) of the trials. In 10 (48%), the use of ITT analysis was specified in the statistical analysis or results section, and in 11 (52%), this information was retrieved by our review of the tables of results. The remaining 21 trials either did not perform ITT analysis (n = 13, 31%), or it was unclear whether such analysis was performed or not (n = 8, 19%).
Jadad Score
The overall quality of the RCTs was estimated by Jadad score. The score is between 0 and 5 with a higher score indicating higher quality. The median Jadad score of the included papers was 2 (0-3). Four studies (10%) had a score of 0, 16 (38%) scored 1, 15 (36%) scored 2 and 7 (16%) had a Jadad score of 3. None of the studies was considered to have appropriate measures of double-blinding (2 possible points).
Discussion
Overall, RCTs that compared laparoscopic and open appendectomy had low quality. A similar conclusion has been presented previously in a Cochrane meta-analysis by Sauerland et al. [54] . Unfortunately, we do not believe that the quality of surgical RCTs studying other treatments or diseases is so much different [55] . In order to improve the quality of randomized controlled trials in the field of surgery, there are some guidelines that should be followed.
Randomization reduces bias in treatment allocation, i.e., participants' baseline characteristics should not affect which treatment they will receive, and helps to balance the allocation groups for known and unknown prognostically important factors [1] . In this review, description of methods of random number generation was missing in almost two thirds of the trials. Although a minority, four (10%) of the trials reported the use of systematic methods, such as the admission code of the patients or coin toss, to decide the allocation. Such methods are not random and are sources of bias [56] .
When the sample size is small, simple randomization is not likely to result in treatment groups with equal size [1] . For instance, when 100 individuals are set to be randomized, the likelihood of having treatment groups with equal size using simple randomization is only 8% [1] . In the present review, the difference in sample size in unblocked RCTs was less than 10% and not different from those using blocking. This issue has also been reported by Altman and Doré [57] . In that study, 3 possibilities for this finding was discussed, namely: (1) use of blocking without reporting it, (2) use of nonrandom methods for randomization, and (3) adding extra patients to one treatment arm to balance the groups. The second and third possibilities are associated with selection bias.
Proper concealment helps investigators to be unaware of the allocation sequence and reduces the bias in selection of the study participants [58] . Inadequately concealed trials have been shown to overestimate the effect of size by up to 40% [59] . More than half of the RCTs in this review either had inadequate measures of concealment or did not provide any information about the way the concealment was arranged.
Blinding of the allocation status is an acknowledged difficulty in surgical trials [60] . The results from unblinded RCTs have been shown to differ from those of RCTs with blinded outcome assessment [61] . In the surgical field, the most efficient way to double-blind the outcome assessment is the use of sham surgery. However, the ethical concerns of using sham surgery is worth being debated [62, 63] . In case of acute conditions such as acute appendicitis, the use of a sham procedure is not an option. In this review, 3 (7%) of 42 studies using an abdominal dressing to cover the entire abdomen reported being double-blinded. However, we find it difficult to believe that this measure was enough to provide sustainable double-blinding throughout the whole follow-up period. Some factors that may reveal the allocated intervention could be: (1) wound dressings are easily accessible to patients and could be removed, (2) a wound will always have some discharge which could locate the actual wound site and concomitantly unmask the surgical procedure, and (3) pain from the wound site could reveal the type of surgery. In case of RCTs comparing different surgical approaches, incisions to create identical postoperative wounds may be a possible solution. Of course, these wounds do not have to be as deep as wounds associated with a given surgical procedure.
Sample size must be calculated before a study is conducted to quantitatively estimate the precision of a randomized trial to study a given hypothesis [1, 64] . It could be argued that underpowered RCTs are unethical [65] . One strong argument is that by conducting a study with low statistical power, investigators will consume the trust of the study participants who have accepted the risks by being included in a trial [65] . Although meta-analyses may be a tool to pool the knowledge in a research field and improve the evaluation of the results, it must be kept in mind that underpowered studies are prone to bias [64] . Thus, the validity of meta-analyses' results could be com-promised when pooling estimates of underpowered trials [64] . Furthermore, underpowered studies are prone to publication bias [64] . The absence of information about these studies also deteriorates the validity of a meta-analysis [64] . Thus, it is the responsibility of the investigators to make sure that a planned study has sufficient precision and statistical power to test a given hypothesis.
When analyzing the results of a randomized trial, investigators may be tempted to exclude some particular individuals, such as those erroneously included in a trial or those not adhering to the randomized allocation, from the final analysis. Exclusion of those wrongly randomized to an RCT could be excusable if such exclusion is not different with respect to the allocation status [66] . However, exclusion on other bases, such as non-adherence to the allocated treatment, could be substantially prone to bias [1, 66] . Thus, we recommend the use of ITT analysis as the primary way of describing the results of a randomized controlled trial. Any analysis after post-randomization exclusion of participants should be defined as secondary, and the reason for exclusion must be thoroughly reasoned.
Conclusions
The quality of studies in the field of surgery needs to be improved. A tool to systematize trial planning and reporting is the CONSORT statement [67] . Moreover, registration of the trial protocol is another way that improves transparency in result reporting [68] . We believe that adherence to the recommendations in conducting RCTs and the two tools mentioned above will substantially improve the quality of RCTs in the field of surgery.
